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OBJECTIVES The purpose of this study was to use transesophageal echocardiography (TEE) to define the
mechanisms of aortic regurgitation (AR) in acute type A aortic dissection so as to assist the
surgeon in identifying patients with mechanisms of AR suitable for valve preservation.
BACKGROUND Significant AR frequently complicates acute type A aortic dissection necessitating either
aortic valve repair or replacement at the time of aortic surgery. Although direct surgical
inspection can identify intrinsically normal leaflets suitable for repair, it is preferable for the
surgeon to correlate aortic valve function with the anatomy prior to thoracotomy.
METHODS We studied 50 consecutive patients with acute type A aortic dissection in whom preoperative
TEE findings were considered by the surgeons in planning aortic valve surgery. Six patients
did not undergo surgery (noncandidacy or refusal) and one patient had had a prior aortic valve
replacement and therefore was excluded from the analysis.
RESULTS Twenty-seven patients had no or minimal AR and 22 had moderate or severe AR. In all, there
were 16 with intrinsically normal leaflets who had AR due to one or more correctable aortic
valve lesion: incomplete leaflet closure due to leaflet tethering in a dilated aortic root in 7;
leaflet prolapse due to disrupted leaflet attachments in 8; and dissection flap prolapse through
the aortic valve orifice in 5. Of these 16 patients, 15 had successful aortic valve repair whereas
just 1 underwent aortic valve replacement after a complicated intraoperative course (unrelated
to the aortic valve). Nine patients underwent aortic valve replacement for nonrepairable
abnormalities, including Marfan’s syndrome in four, bicuspid aortic valve in four, and aortitis
in one. In patients undergoing aortic valve repair, follow-up transthoracic echocardiography
at a median of three months revealed no or minimal residual AR, and clinical follow-up at a
median of 23 months showed that none required aortic valve replacement.
CONCLUSIONS When significant AR complicates acute type A aortic dissection, TEE can define the severity
and mechanisms of AR and can assist the surgeon in identifying patients in whom valve repair
is likely to be successful. (J Am Coll Cardiol 2000;36:884–90) © 2000 by the American
College of Cardiology
The optimal management of significant aortic regurgitation
(AR) complicating acute type A aortic dissection is contro-
versial. While in the past there was a trend favoring aortic
valve replacement (1–4), more recently, several investigators
have described aortic valve sparing surgery as an alternative
approach in selected patients (5–16). To assess the aortic
valve abnormality in such cases, surgeons have traditionally
relied on direct inspection of the aortic valve leaflets and
aortic root anatomy with the heart and aorta empty and
flaccid. In principle, however, it would be preferable for the
surgeon to be able to assess the aortic valve in its physiologic
state with the aorta full and the heart beating. Transesoph-
ageal echocardiography (TEE), performed preoperatively or
intraoperatively, produces such a detailed anatomic view of
the functioning aortic valve, and should therefore provide
the surgeon with valuable information prior to thoracotomy.
Previous echocardiographic studies of aortic dissection
have documented the ability of TEE to detect aortic
dissection accurately and to define its anatomic features,
such as the extent of dissection, sites of intimal tear,
presence of pericardial effusion, and presence and severity of
AR (17–23). To date and to our knowledge, however, no
study has systematically addressed the role of TEE in
defining the mechanisms of AR in acute aortic dissection.
We hypothesized that TEE performed in patients with
acute type A aortic dissection can, in addition to assessing
the severity of AR, assist the surgeon in identifying those
patients with mechanisms of AR suitable for aortic valve
repair as opposed to those with fixed abnormalities (e.g.,
bicuspid aortic valve, aortic stenosis, marfanoid aortic root)
requiring aortic valve replacement.
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METHODS
Patients. We studied 50 consecutive patients with acute
aortic dissection admitted to Massachusetts General Hos-
pital between January 1995 and October 1998 who under-
went preoperative or intraoperative TEE to evaluate the
aorta and aortic valve. Five other patients with acute type A
aortic dissection admitted to the hospital during this period
who did not undergo TEE were excluded from the study.
Aortic dissection was defined as acute when the diagnosis
was made within 14 days of the onset of symptoms; in fact,
all study patients presented within 72 h of symptom onset.
Echocardiography. All patients underwent preoperative or
intraoperative TEE. The studies were performed with a
standard two-dimensional and color-coded Doppler flow
ultrasound system (Hewlett Packard Sonos 1500 / 2500 /
5500) equipped with a flexible 5-MHz multiplane trans-
esophageal probe. The probe was passed after sedation
and/or administration of anesthesia, and before the thoracic
cavity was opened. The clinical purpose of the TEE
examination was to confirm the diagnosis of aortic dissec-
tion, determine its location and extent and evaluate the
severity and specific mechanisms of AR when present. Two
echocardiographers interpreted the TEE findings, which
were in turn considered by the surgeons in planning aortic
valve surgery. The severity of AR was assessed by a
semiquantitative method based on the ratio of the proximal
jet height to annular diameter (,0.25 5 trace; 0.25 to
0.46 5 mild; 0.47 to 0.64 5 moderate; $0.65 5 severe)
(24) measured in a long-axis view obtained at approximately
120° by multiplane TEE; this method has been validated in
vitro and correlates well with angiographic grading (25). We
defined five potential mechanisms of AR in this population,
the first three of which were considered repairable without
need for valve replacement: 1) incomplete closure of intrin-
sically normal leaflets due to leaflet tethering by a dilated
sinotubular junction (Figs. 1 and 2); 2) leaflet prolapse due
to disruption of leaflet attachments by a dissection flap that
extends below the sinotubular junction and into the aortic
root (Figs. 1 and 3); 3) prolapse of the dissection flap
through intrinsically normal leaflets that disrupts leaflet
coaptation (Figs. 1 and 4); 4) a bicuspid aortic valve with
associated leaflet prolapse unrelated to the dissection pro-
cess; and 5) degenerative leaflet thickening resulting in
abnormal leaflet coaptation. Some patients had more than
one mechanism of AR. Follow-up transthoracic echocar-
diograms—the timing of which was based on clinical
factors—were performed in all patients who underwent
aortic valve repair.
Operative technique. Those patients who underwent sur-
gery did so emergently upon confirmation of the diagnosis.
Median sternotomy was performed. Cardiopulmonary by-
pass was instituted and systemic temperature was lowered to
14° to 18°C. A cross clamp was applied to the ascending
aorta in an area that would later be resected. The aorta was
opened.
In patients whose valves were preserved, the proximal
aorta was completely transected at the sinotubular junction
and blood clot was removed from the false lumen. Leaflet
prolapse was corrected by suturing together a sandwich of
the aortic layers immediately distal to the aortic valve
commissures, thereby resuspending the aortic leaflets in the
aortic root. Incomplete leaflet closure due to leaflet tether-
ing by a dilated aorta was corrected by reducing the diameter
Abbreviations and Acronyms
AR 5 aortic regurgitation
TEE 5 transesophageal echocardiography
TTE 5 transthoracic echocardiography
Figure 1. Mechanisms of functional aortic regurgitation in type A aortic
dissection: Panel A is a schematic of normal aortic valve anatomy in the
short-axis view (left) and long-axis view (right). The dotted lines represent
the attachment of the leaflet tips to the sinotubular junction. Note that the
leaflet tips coapt fully in diastole (short-axis view) and that the diameter of
the sinotubular junction is similar to that at the base of the annulus. Panel
B shows incomplete leaflet closure that occurs when the sinotubular junction
dilates (arrows) relative to the aortic annulus resulting in leaflet tethering
and a persistent diastolic orifice. This is usually best visualized in the
short-axis view but may also be seen in the long-axis view if it is optimally
aligned. Panel C shows aortic leaflet prolapse that occurs when the
dissection extends into the aortic root and disrupts normal leaflet attach-
ments to the aortic wall, thereby resulting in abnormal leaflet coaptation
and eccentric AR. This is usually best visualized in the long-axis view
where one or more leaflets are seen prolapsing into the left ventricular
outflow tract in diastole. Panel D shows dissection flap prolapse that occurs
when a redundant dissection flap prolapses through intrinsically normal
aortic leaflets resulting in AR that is often short-lived and may be
intermittent. The regurgitant flow occurs through the funnel shaped by the
dissection flap.
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of the sinotubular junction, thereby restoring normal aortic
leaflet coaptation.
Under hypothermic arrest, the cross clamp was removed
and the aorta was completely transected distally at the
junction of the ascending aorta and arch. The ascending
aorta, including the intimal tear (if evident), was resected,
which corrected dissection flap prolapse when present. A
collagen-impregnated Dacron graft, sized to match the
diameter of the reconstituted sinotubular junction, was
anastomosed to the distal ascending aorta. Bypass was
reinstituted and the anastomosis of the graft to the proximal
aorta was made while the patient was being rewarmed.
Composite aortic root replacement was performed in all
patients with Marfan’s syndrome or a preexisting aortic root
aneurysm in order to avoid retaining any portion of the
diseased aortic sinuses that might be prone to subsequent
dilatation and rupture. All patients with bicuspid aortic
valves and significant AR due to leaflet prolapse (unrelated
to the dissection process) underwent aortic valve replace-
ment. A valve-graft composite prosthesis was sutured to the
aortic valve annulus after valve excision, and the coronary
arteries were implanted directly into the Dacron graft as
previously described. The distal aorta was managed with
circulatory arrest in the manner described above.
Statistical analysis. Statistical analysis was performed with
software (SPSS 8.0; SPSS, Inc.). Normally distributed
continuous variables were expressed as the mean 6 1 SD.
Nonparametric continuous variables were expressed as the
median and range.
RESULTS
Patients. Demographic data for the 50 patients with acute
type A aortic dissection undergoing emergent preoperative
or intraoperative TEE are listed in Table 1. The mean age
was 62 6 16 years. Seventy percent had a history of systemic
hypertension, 14% had a previously documented thoracic
aortic aneurysm, 8% had morphologic features of Marfan’s
syndrome, and 12% had bicuspid aortic valves (previously
known in two patients and diagnosed by TEE at the time of
presentation in four patients). All patients presented within
72 h of the onset of symptoms. Clinical features on
admission to the hospital are listed in Table 2. Chest pain
was present in two thirds of patients. Only 3 of 22 (14%)
patients with moderate or severe AR by TEE presented
with pulmonary edema.
Figure 2. Incomplete leaflet closure is characterized by a persistent diastolic
orifice that is best visualized in the short-axis view of the aortic leaflets,
usually obtained at approximately 45° by multiplane TEE. It is important
to find the short-axis plane in which the diastolic orifice appears smallest so
as to avoid overestimation of the size of the persistent diastolic orifice. The
top panel shows the short-axis view of the aortic valve leaflets in systole;
the bottom panel shows the persistent valve orifice in diastole. It should be
noted that a persistent diastolic orifice can be visualized in the long-axis
view when it is optimally aligned. However, off-axis views in the longitu-
dinal plane can falsely create the appearance of incomplete leaflet closure.
We therefore recommend the more reliable short-axis view.
Figure 3. Aortic leaflet prolapse is best visualized in a long-axis view of the
aortic valve, aortic root and ascending aorta, which is usually obtained at
approximately 120° by multiplane TEE. The top panel shows a long-axis
view of the aortic valve and aortic root. The long narrow gray arrows point
to an intimal dissection flap that extends into the aortic root. The broad
white arrow points to right coronary cusp that is prolapsing into the left
ventricular outflow tract behind the noncoronary cusp, seen above. The
bottom panel shows an eccentric jet of severe AR that is directed
posteriorly into the left ventricular outflow tract. AO 5 aorta; LA 5 left
atrium; LVOT 5 left ventricular outflow tract.
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Transesophageal echocardiography. An intimal dissec-
tion flap was identified in all patients. Thirty-nine (78%)
patients had a DeBakey type I dissection and 11 (22%) had
a type II dissection. One patient had a prior aortic valve
replacement and was therefore excluded from further anal-
ysis. Five (10%) patients had no AR, 11 (22%) had trace
AR, 11 (22%) had mild AR, 10 (20%) had moderate AR,
and 12 (24%) had severe AR. Table 3 compares the
mechanisms of AR among patients with no or minimal
(trace/mild) AR versus those with moderate or severe AR.
A number of patients had AR due to more than one
mechanism. The presence of incomplete leaflet closure due
to leaflet tethering was associated with moderate or severe
AR in all cases. Leaflet prolapse also resulted in moderate or
severe AR, except in two patients who had concomitant
intimal flap prolapse, with part of the dissection flap resting
on the aortic leaflets during diastole and occluding the
regurgitant orifice. The presence of degenerative leaflet
thickening alone was associated with only trace or mild AR.
Examples of incomplete leaflet closure, leaflet prolapse and
intimal flap prolapse are shown in Figures 2 through 4,
respectively.
Management and operative procedure. The surgeons
considered the severity and mechanisms of AR as defined by
TEE in planning the surgical approach. One patient who
had a prior St. Jude aortic valve replacement underwent
ascending aortic replacement with an interposition graft and
was excluded from further analysis. Of the remaining
49 patients with native aortic valves, 27 (55%) had no, trace
or mild AR and 22 (45%) had moderate or severe AR.
Five of the 27 patients with no, trace or mild AR were
treated medically: 2 refused surgery; 1 had cold agglutinins
that were considered a contraindication to deep hypother-
mic arrest; 1 had a very localized catheter-induced dissection
that remained stable; and 1 had several comorbid conditions
and mesenteric ischemia and was therefore treated with
percutaneous fenestration of the abdominal aortic intimal
flap only. The remaining 22 patients underwent aortic
surgery: 18 had isolated replacement of the ascending aorta
with an interposition graft; 2 required aortic valve replace-
ment with a composite graft because of either Marfan’s
syndrome or a bicuspid aortic valve with significant stenosis;
and 2 underwent aortic valve repair in addition to ascending
aortic replacement with an interposition graft. These latter
two cases had echocardiographic evidence of significant
aortic leaflet prolapse that necessitated valve repair, but
neither had more than mild AR due to prolapse of the
intimal flap that occluded the valve orifice in diastole.
Table 1. Patient Characteristics
Number of Patients (%)
Age (yr) 62 6 16
Male/female 34 (68%)/16 (32%)
Hypertension 35 (70%)
Known thoracic aortic aneurysm 7 (14%)
Marfan’s syndrome 4 (8%)
Bicuspid aortic valve 6 (12%)
Prior cardiac surgery* 6 (12%)
*Three patients had a history of distant coronary artery bypass graft surgery: one had
aortic valve and mitral valve replacements; one had a mitral valve repair; and one had
atrial and ventricular septal defects repaired in childhood.
Table 2. Clinical Presentation
Number of Patients (%)
Chest pain 33 (67%)
Cardiac tamponade 6 (12%)
Limb ischemia 4 (8%)
Mesenteric ischemia 4 (8%)
Myocardial ischemia 3 (6%)
Acute pulmonary edema 3 (6%)
Cerebrovascular accident 1 (2%)
Table 3. Mechanisms of Aortic Regurgitation in Patients With
Minimal Versus Significant Aortic Regurgitation*





Incomplete leaflet closure 0 12
Aortic leaflet prolapse 2 8
Intimal flap prolapse 2 3
Bicuspid aortic valve 3 3
Leaflet thickening 17 5
*One patient with a prior St. Jude aortic valve replacement was excluded from the
analysis. Some patients had more than one mechanism of aortic regurgitation.
Figure 4. Dissection flap prolapse can be visualized by mutiplane TEE in
the short-axis and long-axis views at 45° and 120°, respectively. The top
panel is a short-axis view of the aortic valve at the onset of diastole. The
arrows point to the three aortic leaflets; a dissection flap is seen prolapsing
through the center of the aortic leaflets. The bottom panel is a long-axis
view of the aorta showing the dissection flap prolapsing through the plane
of the aortic valve.
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Twenty-two patients had moderate or severe AR. All but
one patient—who had comorbid massive hemoptysis and
mesenteric infarction—underwent aortic surgery. Eight pa-
tients required a composite aortic graft with aortic valve
replacement: three patients had Marfan’s syndrome; three
had a bicuspid aortic valve and severe AR; one had active
aortitis; and one underwent valve replacement at the sur-
geon’s discretion after a prolonged complicated intraopera-
tive course (unrelated to the aortic valve disease). The
remaining 13 patients underwent aortic valve repair and
replacement of the ascending aorta with an interposition
graft. Among those undergoing aortic valve repair, the
following mechanisms of AR were identified by TEE, with
some patients having more than one mechanism present:
seven had incomplete aortic leaflet closure; six had aortic
leaflet prolapse; three had prolapse of the intimal flap
through the valve; and five had degenerative leaflet thick-
ening. No patient undergoing aortic valve repair proceeded
to aortic valve replacement for an inadequate repair.
In summary, of the 43 patients who underwent aortic
surgery, 33 (77%) did not require aortic valve replacement.
The severity of AR, mechanisms of AR and management
strategies for all patients undergoing aortic valve procedures
are presented in Table 4.
Hospital course. The median duration of hospitalization
was 11 days (range, 5 to 126 days). The 30-day mortality
rate for the full study population (i.e., all 49 patients) was
10%. Of the five patients who died within 30 days, one died
on the first postoperative day of an acute inferior and right
ventricular infarction complicated by ventricular asystole,
two died .3 weeks after surgery of multiorgan failure, and
two who did not undergo surgery died of mesenteric
infarction.
Follow-up of aortic valve repair. Follow-up transthoracic
echocardiography (TTE) was performed in all 15 patients
who underwent aortic valve repair. The median time to
follow-up TTE was three months (range, 4 days to
22 months). One patient had no residual AR, six had trace
AR and six had mild AR. None had moderate or severe AR
and none had required reoperation at a median of 23
months of clinical follow-up (range, 1 to 38 months).
DISCUSSION
Aortic regurgitation frequently complicates acute type A
aortic dissection, occurring in 41% to 76% of patients
(6,8,10,11,13,15,26). While the need for early aortic surgery
is well established (6,27,28), the optimal management of
associated AR is controversial. For many years, aortic valve
replacement was preferred (1–4), but more recently several
investigators have reported favorable short- and long-term
results with aortic valve preservation (5–8,10,11,13–16). A
few studies have assessed the severity of AR by color
Doppler echocardiography (13–16); however, to date and to
Table 4. Case Analysis of Patients Undergoing Aortic Valve Repair or Replacement: The Mechanisms and Severity of Aortic








(If Performed)ILC LP FP BAV Thickening
1 x x Mild AV repair
2 x x Mild AV repair
3 x Moderate AV repair
4 x x Severe AV repair
5 x x Moderate AV repair
6 x Moderate AV repair
7 x Moderate AV repair
8 x x Severe AV repair
9 x Severe AV repair
10 x Moderate AV repair
11 x Moderate AV repair
12 x x Severe AV repair
13 x x Severe AV repair
14 x Severe AV repair
15 x Severe AV repair
16 None AVR Marfan’s
17 x x Severe AVR Marfan’s
18 x Severe AVR Marfan’s
19 x x Severe AVR Marfan’s
20 x x Mild AVR BAV 1 AS
21 x Severe AVR BAV 1 AR*
22 x Severe AVR BAV 1 AR*
23 x x Moderate AVR BAV 1 AR*
24 x Moderate AVR Active aortitis
25 x Severe AVR Surgeon’s discretion
*These patients had a bicuspid aortic valve and AR unrelated to the aortic dissection process.
AR 5 aortic regurgitation; AS 5 aortic stenosis; AV 5 aortic valve; AVR 5 aortic valve replacement; BAV 5 bicuspid aortic valve; FP 5 intimal flap prolapse; ILC 5
incomplete leaflet closure; LP 5 leaflet prolapse; Marfan’s 5 Marfan’s syndrome; thickening 5 leaflet thickening.
888 Movsowitz et al. JACC Vol. 36, No. 3, 2000
Aortic Regurgitation in Type A Aortic Dissection September 2000:884–90
our knowledge, no study has systematically defined the
mechanisms of AR by TEE.
TEE assessment of the mechanisms of AR. This study
shows that TEE can define the mechanisms and severity of
AR that complicate acute type A aortic dissection, and that
these TEE findings may help the surgeon to distinguish
valves with geometric distortion amenable to repair from
those with fixed abnormalities that require replacement.
Although the severity of AR is certainly a consideration, it
is the mechanism responsible for the AR that weighs more
heavily in the decision to repair versus replace the aortic
valve in such patients. Although in many cases a potentially
repairable aortic valve can be identified by direct intraoper-
ative inspection, in the setting of acute aortic dissection
complicated by significant AR, many surgeons opt for valve
replacement rather than repair because of the emergent
nature of the surgery and the instability of the patients. In
such situations, employing TEE to identify those mecha-
nisms of AR amenable to repair may make the surgeon
more confident that an attempt at aortic valve repair is likely
to be successful.
Five different mechanisms of AR were identified by TEE
in this study population. Three of these mechanisms—
leaflet thickening, bicuspid aortic valve disease and incom-
plete leaflet closure in a dilated aortic root—may also be
observed in patients without aortic dissection. Multiple
mechanisms of AR were present in some patients. When
aortic valve repair was performed, the surgeons made certain
to correct all reversible mechanisms of AR identified by
TEE and direct surgical inspection: for incomplete aortic
leaflet closure, valve repair involved narrowing the diameter
of the dilated sinotubular junction to relieve tension on the
aortic leaflets, thereby restoring normal leaflet coaptation;
for aortic leaflet prolapse, repair involved resuspending the
aortic leaflets by reapposing the aortic layers at the commis-
sures; for prolapse of the dissection flap through the valve
orifice, repair involved resecting the ascending aorta includ-
ing the redundant dissection flap. Importantly, in this study,
TEE also identified two patients in whom AR was only
mild but repair was nevertheless indicated because of severe
anatomic distortions—incomplete leaflet closure or leaflet
prolapse with concomitant dissection flap prolapse. Finally,
intraoperative TEE provided confirmation of successful
valve repair prior to closing of the chest.
In this study, the aortic valve was spared in 77% of the
43 patients undergoing aortic surgery, which is consistent
with prior series that have reported aortic valve preservation
in 56% to 89% of patients (6–8,10,11,13,15). Of the
16 patients determined by TEE to have potentially repair-
able mechanisms of AR, 15 did, in fact, undergo successful
aortic valve repair with no, trace or at most mild residual
AR; none needed subsequent aortic valve surgery at a
median follow-up of 23 months. Only one patient under-
went aortic valve replacement, this being at the surgeon’s
discretion following a prolonged intraoperative course with
complications unrelated to the aortic valve disease.
Study limitations. Although AR volume may decline in
sedated or hypotensive patients (due to decreased diastolic
aortic pressure), in this study, the assessment of AR was
based on proximal jet dimension, a method that is relatively
independent of driving pressure for a given orifice size at
clinically relevant flow rates (25,29). Moreover, for the
purposes of analysis, we broadly grouped patients into those
with minimal AR (no, trace or mild AR) and with signifi-
cant AR (moderate or severe AR), thereby diminishing the
potential for error in categorization.
In this study, the mechanisms of AR were determined by
two-dimensional echocardiography with color-flow Dopp-
ler. This technique has inherent limitations, however, be-
cause using standard two-dimensional imaging, it may be
difficult to appreciate the true three-dimensional anatomy of
the aortic valve. In future studies, therefore, it may be
worthwhile to utilize recently developed techniques in
three-dimensional echocardiography to define in more de-
tail the anatomic and geometric abnormalities of the aortic
valve that result in AR in patients with aortic dissection.
Aortic valve repair was not attempted in patients with
Marfan’s syndrome, preexisting aortic root aneurysm or
bicuspid aortic valve with significant AR. While this con-
servative approach has support in the aortic dissection
literature (4,6,10,11,16,30), it should be noted that there are
a growing number of reports of successful valve-sparing
operations among these patients groups (31–34); however,
to date these series have been limited to a few centers and
have included few patients with acute type A aortic dissec-
tion. Nevertheless, the future dissemination of such valve-
sparing operations should serve only to increase the poten-
tial value of TEE to identify repairable mechanisms of AR.
Finally, the follow-up period in this study was relatively
short. Although echocardiographic follow-up was obtained
at a median of only three months, clinical follow-up was
obtained at a median of 23 months. More importantly, the
clinical follow-up showed that patients who underwent
aortic valve repair did not require reoperation for progressive
AR.
Conclusions and clinical implications. In summary,
when significant AR complicates acute type A aortic dis-
section, TEE can define the severity and mechanisms of
AR. The TEE findings may help the surgeon to distinguish
those mechanisms of AR suitable for repair from the
chronic fixed abnormalities requiring aortic valve replace-
ment. While the highly experienced surgeon may feel
comfortable making such a determination by direct surgical
inspection alone, other surgeons may well appreciate the
ability of TEE to define the aortic abnormality preopera-
tively and/or to confirm their own intraoperative impres-
sions. Based on the results of this study, TEE may play an
increasingly important role in patients with acute type A
aortic dissection as cardiologists and cardiac surgeons work
together to determine the optimal management of any
consequent AR.
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